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inse r t ion  propulsion system. The c 
t h e  study a r e  presented i n  the  last  s 
The performance advantages of employing e l l i p -  
t i c  capture o r b i t s  f o r  unmanned missions t o  J u p i t e r ,  
Saturn,  Uranus, and Neptune a re  inves t iga ted .  As  
p a r t  of t h i s  inves t iga t ion ,  the  r e l a t i v e  merits of 
t he  d i r e c t  f l i g h t  mode and t h e  J u p i t e r  swingby mode 
of he l iocen t r i c  t r a n s f e r s  a r e  compared. A method 
of presenta t ion  is shown t h a t  permits t h e  e f f e c t s  
of t r i p  time, capture o r b i t  eccen t r i c i ty ,  and t rans-  angular pos i t ions  of t h e  p lane ts .  The he l iocen t r i c  
fer mode t o  be evaluated. I t  is  shown t h a t ,  depend- 
ing on t h e  weight t o  be placed i n  planetary o r b i t ,  
d e f i n i t e  t r i p  t i m e  - o r b i t  eccen t r i c i ty  regions 
e x i s t  within which e i t h e r  t r a n s f e r  mode i s  super ior .  
INTRODUCTION 
SELECTION OF LAUNCH OPPORTUNITY 
During any time period of severa l  years,  energy 
requirements f o r  d i r e c t  missions t o  the  outer  p lane ts  
vary only s l i g h t l y  between successive oppor tuni t ies .  
This i s  primarily due t o  the  small change i n  the  
o r b i t s  of t h e  p lane ts  a r e  almost c i r c u l a r  and l i e  
near t h e  plane of t h e  e c l i p t i c  s o  t h a t  the  planetary 
configurations a r e  r e l a t i v e l y  unchanged. 
The next opportunity f o r  J u p i t e r  swingby m i s -  
s ions  t o  the  outer  p lane ts  occurs during t h e  1976 
t o  1981 time per iod .  
s e n s i t i v e  t o  angular va r i a t ions  than the  d i r e c t  mis- 
s ions  s ince  t h e  pos i t i on  of J u p i t e r  r e l a t i v e  t o  both 
t h e  Earth and the  des t ina t ion  p lane t  must be consid- 
ered. For a launch year near t h e  bes t  J u p i t e r  
swingby opportunity, however, t he  comparison of the  
d i r e c t  and swingby mode w i l l  be ind ica t ive  of the  
r e s u l t s  f o r  o the r  ava i lab le  launch years.  
The J u p i t e r  swingbys a re  more 
The purpose of t h i s  study is  twofold. The 
9 first i s  t o  inves t iga te  t h e  advantages of employing 
e l l i p t i c  capture o r b i t s  f o r  unmanned missions t o  
J u p i t e r ,  Saturn,  Uranus, and Neptune. The second is 
t o  compare the  bene f i t s  of employing these  capture 
o r b i t s  f o r  two he l iocen t r i c  t r a j ec to ry  modes - t h e  
d i r e c t  mode and the  Jup i t e r  swingby mode. While t h e  
s p e c i f i c  numerical r e s u l t s  presented i n  t h i s  paper 
a r e  of i n t e r e s t ,  they a re  of l imited value because 
they depend on assumptions concerning launch vehic le  
and propulsion system cha rac t e r i s t i c s .  The method Neptune, 1979) was based on t h e  da ta  presented i n  
developed t o  present t he  r e s u l t s ,  however, i s  gen- Ref. 1. I t  should be noted t h a t ,  during the 1977 
era1  and can be applied t o  planning s tud ie s  f o r  
o ther  systems. 
The nominal launch year se lec ted  f o r  each 
p lane t  ( Jup i t e r ,  1978; Saturn, 1977; Uranus, 1979; 
launch opportunity, Saturn is  near i ts  maximum lat i -  
tude s o  t h a t  t he  ve loc i ty  requirements f o r  a near- 
Hohmann t r a n s f e r  a r e  q u i t e  severe.  This s i t u a t i o n ,  
however, e x i s t s  throughout a launch period of 
severa l  years so  t h a t ,  even i n  t h i s  case,  t he  e f f e c t  
of launch year need not be considered e x p l i c i t l y .  
Direct t r i p s  requi re  extremely long t r i p  times, 
3 t o  20 years o r  more, f o r  reasonable Earth depar- 
t u r e  ve loc i ty  requirements. 
be s ign i f i can t ly  reduced, by a f a c t o r  of 2 t o  3, i f  
J u p i t e r  swingbys a r e  used. The swingby missions, TRAJECTORY SELECTION 
however, requi re  high capture ve loc i ty  increments 
f o r  t he  sho r t e s t  t r i p  times s ince  t h e  a r r i v a l  veloc- 
i t y  vectors i n t e r s e c t  t h e  p lane t  he l iocen t r i c  a range of t r i p  times. The se l ec t ions  were based 
ve loc i ty  vectors a t  very l a rge  angles.  on c i r c u l a r  capture o r b i t s  with a f ixed  pe r i aps i s  
quently, the  swingby missions have, i n  the  pas t ,  radius f o r  each p lane t .  Pena l t ies  t o  provide f o r  
only been considered a t t r a c t i v e  i n  t h e  context of Earth launch windows were not included. These tra- 
t a rge t  p lane t  f lybys.  
These t r i p  times can 
Minimum-energy t r a j e c t o r i e s  were se lec ted  f o r  
Conse- 
j e c t o r i e s  a l s o  y i e ld  minimum energy when eccent r ic  
o r b i t s  a r e  employed s ince  the  ve loc i ty  savings for  
higher e c c e n t r i c i t i e s  (assuming pe r i aps i s  i n se r t ion  
a t  a f ixed  pe r i cen te r  radius) are independent of 
t he  a r r i v a l  conditions.  This ve loc i ty  saving is  
simply the  d i f fe rence  between c i r c u l a r  and eccent r ic  
o r b i t  ve loc i ty ,  and therefore ,  depends only on the  
pe r i aps i s  rad ius .  In t h i s  study, per iaps is  rad ius  
was assumed constant f o r  each p lane t ,  independent 
of mission mode. 
For the  o r b i t a l  stopover missions, e l l i p t i c  
capture o r b i t s  o f f e r  a s i g n i f i c a n t  energy saving 
s ince  they considerably reduce t h e  i n s e r t i o n  veloc- 
i t y  requirements from those required f o r  c i r c u l a r  
o r b i t s .  Because of the  la rge  masses of t h e  outer  
p lane ts ,  t he  ve loc i ty  reduction can be of such mag- 
nitude t h a t ,  f o r  a given vehic le  system, t r i p  times 
s ign i f i can t ly  sho r t e r  than those assoc ia ted  with 
minimum energy t r ans fe r s  can be achieved. This 
, trend applies t o  both the  d i r e c t  and swingby modes. With the  proper s e l ec t ion  of a nominal pe r i -  
aps is  radius,  t h e  e f f e c t  of t he  assumption of a con- 
s t a n t  radius on the  r e s u l t s  i s  not s i g n i f i c a n t .  
I f  low pe r i aps i s  values ( i . e . ,  about 1.1 plane t  
r a d i i )  were se lec ted ,  t he  e f f e c t  on the  ve loc i ty  
requirements would be s i g n i f i c a n t ,  bu t  near t he  
optimum, pe r i aps i s  radius (i . e . ,  t he  per iaps is  radius 
f o r  which the  in se r t ion  ve loc i ty  i s  a minimum fo r  a 
given o r b i t  eccen t r i c i ty  and hyperbolic excess 
speed), these requirements tend t o  be in sens i t i ve  
t o  pe r i aps i s  radius.  n e  optimum radius i t s e l f ,  
The r e s u l t s  of t he  mission ana lys i s  a r e  sum- 
marized i n  the  two following sec t ions .  Next, t he  
system cha rac t e r i s t i c s  t h a t  were assumed a r e  d i s -  
cussed, followed by a presenta t ion  of t he  f i n a l  
r e s u l t s  of t he  study. These r e s u l t s  are shown as 
curves of minimum a t t a inab le  capture o r b i t  eccent r ic -  
i t y  as a function of t r i p  t i m e  f o r  each p lane t  and 
mission mode. 
are considered as well as two types of p lane t  o r b i t  
c.4. 
TWO values of o rb i t i ng  payload weight 
1 
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howqver; can vary s i g n i f i c a n t l y  even f o r  a f ixed  
hyperbolic*excess speed. 
a r r i v a l  excess speed of 0.3 emos (Earth mean o r b i t a l  
speed, 29.8 km/sec) a t  J u p i t e r ,  t h e  optimum pe r i -  
aps is  radius f o r  c i r c u l a r  o r b i t  i s  45 p l ane t  r a d i i ,  
but f o r  a 0.9 eccen t r i c  o r b i t  t h e  optimum radius  i s  
only 2 r a d i i .  Yet a se l ec t ion  of some average value 
f o r  t h e  nominal pe r i aps i s  radius i s  j u s t i f i e d ,  s ince  
the  percentage increase  i n  ve loc i ty  requirements i s  
generally small although t h e  d i f fe rence  between t h e  
optimum and nominal pe r i aps i s  r a d i i  i s  la rge .  
For example, with an 
The s p e c i f i c  values of pe r i cen te r  radius chosen 
a re  
J u p i t e r ,  10 p lane t  r a d i i  
Saturn,  6 plane t  r a d i i  
Uranus, 2 plane t  r a d i i  
Neptune, 2 plane t  r a d i i  
S l i g h t l y  higher nominal values could have been 
se lec ted  ( i . e . ,  15 p lane t  r a d i i  a t  J u p i t e r )  without 
a s ign i f i can t  va r i a t ion  i n  the  ve loc i ty  require- 
ments. 
higher per iaps is  d i s tances  can become unreasonably 
large a t  high e c c e n t r i c i t i e s .  Therefore, low p e r i -  
apsis values were se lec ted  whenever poss ib le .  The 
o r b i t  periods f o r  t h e  nominal pe r i aps i s  values 
se lec ted  do not exceed about 40 days a t  0 . 7  
eccen t r i c i ty .  
But the  o r b i t a l  periods even f o r  s l i g h t l y  
Charac t e r i s t i c  ve loc i ty  requirements* f o r  each 
p lane t  and mission mode a re  shown i n  Table 1 f o r  
severa l  t r i p  times. The se l ec t ed  t r i p  times a re  
intended t o  ind ica t e  t h e  va r i a t ion  i n  ve loc i ty  
requirements i n  the  region considered. 
J u p i t e r ,  Saturn, and Uranus d i r e c t  missions, minimum 
energy t r i p s  a re  shown, bu t  f o r  t h e  Uranus swingby 
and Neptune missions, only t r i p s  up t o  18 and 20 
years,  respec t ive ly ,  a r e  given. I t  should be noted 
t h a t  the  ve loc i ty  requirements f o r  J u p i t e r  and 
Saturn do not decrease smoothly as t r i p  time 
increases since the re  i s  a s l i g h t  cusp when the  
he l iocen t r i c  t r a n s f e r  (Earth t o  J u p i t e r  leg  f o r  a 
swingby) changes from type I t o  type 11. The t o t a l  
ve loc i ty  increase is ,  however, s l i g h t .  Tr ip  times 
associated with the  minimum type I and type I1 and 
the  peak between type I and type I1 a r e  given i n  
the  t ab le  f o r  J u p i t e r  and Saturn.  Also note  t h a t  
ne i the r  t he  d i r e c t  nor t he  J u p i t e r  swingby mode has 
cons is ten t ly  lower ve loc i ty  requirements f o r  t he  
e n t i r e  range of t r i p  times considered. The d i r e c t  
mode is optimum only f o r  t he  sho r t e r  t r i p  times, 
while t he  swingby mode has lower t o t a l  ve loc i ty  
requirements f o r  longer t r i p  times. The Earth 
departure ve loc i ty  requirements a re ,  however, 
cons is ten t ly  lower f o r  t h e  swingby mode. 
For the  
ECCENTRIC ORBIT VELOCITY REDUCTIONS 
Figure 1 i l l u s t r a t e s  t he  ve loc i ty  reduction 
ava i lab le  by employing eccen t r i c  capture o r b i t s .  
This ve loc i ty  reduction i s  the  d i f fe rence  between 
the ve loc i ty  increment required t o  obta in  a c i r c u l a r  
o r b i t  with the  se l ec t ed  pe r i cen te r  radius and t h e  
ve loc i ty  requirement f o r  an eccen t r i c  o r b i t  with 
t h i s  same per icenter  rad ius .  Ci rcu lar  capture 
requirements f o r  t h e  ou te r  p lane t  missions generally 
vary between 5 and 1 2  km/sec, depending on t h e  t r i p  
*The t o t a l  c h a r a c t e r i s t i c  ve loc i ty  requirement 
i s  the  sum of the  c i r c u l a r  Earth o r b i t  ve loc i ty  and 
the  incremental ve loc i ty  requirements a t  Earth o r b i t  
departure and c i r c u l a r  p lane t  o r b i t  i n se r t ion .  
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Fig. 1. Velocity Reduction Obtained by 
Employing E l l i p t i c  Orbits 
time, p lane t ,  and mission mode. The ve loc i ty  reduc- 
t i o n  obtained by employing a 0 . 7  eccen t r i c  o r b i t  is 
3 t o  4 km/sec, so  t h a t  the  capture requirements can 
be reduced by as much as 80%. 
s i g n i f i c a n t  reduction i n  the  c h a r a c t e r i s t i c  ve loc i ty  
requirements and ind ica tes  t h e  po ten t i a l  advantages 
of  e l l i p t i c  capture o r b i t s .  
This represents a 
SYSTEM DESCRIPTION 
In the  following paragraphs a re  presented the 
c h a r a c t e r i s t i c s  of t h e  vehic le  systems and o ther  
nont ra jec tory  items necessary t o  proceed with the  
ana lys i s ,  
Payload 
Two representa t ive  payload weights, 500 and 
5500 lb ,  a r e  examined. The 500-lb payload is indica- 
t i v e  of a minimum o r b i t e r  c l a s s  mission, while the  
5500-lb payload represents  a more advanced system 
with the  capabi l i ty  perhaps of atmospheric probes , 
s u b s a t e l l i t e s ,  e t c .  In  each case, t h i s  represents  
t h e  gross spacecraf t  weight ( i . e . ,  s c i e n t i f i c  pay- 
load and payload support subsystem) in j ec t ed  i n t o  
p lane t  o r b i t .  
of t he  p lane t  o r b i t  i n se r t ion  s tage  nor does it 
include the  adapter weight between the  s tage  and 
the  payload. 
5% of the  gross spacecraf t  weight.) 
Midcourse Velocity Requirements 
A 100 m/sec midcourse requirement i s  included 
f o r  each l eg  of t he  mission, i . e . ,  100 m/sec f o r  a 
d i r e c t  mission and 200 m/sec f o r  a J u p i t e r  swingby 
mission. 
I t  does not include the  i n e r t  weight 
(This adapter weight is assumed t o  be 
Meteoroid Environment 
A nominal meteoroid environment is assumed 
here.  
o ro id  model are r e l a t e d  i n  Ref. 2 .  
The s p e c i f i c  d e t a i l s  concerning the  mete- 
Earth Launch Vehicle 
inves t iga ted .  A performance curve showing payload 
versus c h a r a c t e r i s t i c  ve loc i ty  i s  given i n  Fig. 2 .  
The Centaur i s  considered t o  be j e t t i soned  a f t e r  
Earth departure so  t h a t  a separa te  p lane t  o r b i t  
i n se r t ion  s t age  is required.  
One launch vehic le ,  t he  Saturn V/Centaur, i s  
Planet Orbit  Inser t ion  Propulsion Systems 
Two systems a r e  examined s ince  the  capture 
s t age  may have a s ign i f i can t  e f f e c t  on the  s p e c i f i c  
r e s u l t s  of t h e  comparison. 
assumed t o  be an Earth s to rab le  system (N201+/A-50) 
with a s p e c i f i c  impulse of 305 sec .  
system assumed is  a space s to rab le  system (FLOX/CH4) 
The first of these i s  
The second 
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Fig. 2 .  Saturn V/Centaur Performance 
with a s p e c i f i c  impulse of 405 sec .  In  each case,  
an optimized s tage  was employed with a s t r u c t u r a l  
weight based on cur ren t  technology (see Ref. 3 f o r  
development of t he  weight s ca l ing  equations).  
ANALYSIS 
In comparing t h e  two t r a j e c t o r y  modes, t he  
For ou te r  
overa l l  e f f e c t  t h e  t r a j ec to ry  mode w i l l  have on t h e  
mission objec t ive  should be  considered. 
p lane t  o rb i t e r s ,  t h e  most c r i t i c a l  mission param- 
e t e r s  a r e  t r i p  time and payload. Since higher pay- 
load weights a re  usually only poss ib le  with longer 
t r i p  times, i t  is necessary t o  determine t h e  var ia -  
t i on  of these  parameters f o r  t h e  two t r a j ec to ry  
modes. 
considered s ince  any ve loc i ty  savings due t o  e l l i p -  
t i c  payload capture a t  p lane t  a r r i v a l  can be  traded 
e s s e n t i a l l y  fox addi t iona l  payload capab i l i t y .  The 
capture o r b i t  e f f e c t s  w i l l  vary considerably f o r  
t h e  two modes due t o  t h e  d i f fe rences  i n  c i r c u l a r  
o r b i t  i n se r t ion  v e l o c i t i e s .  This implies t h a t  t h e  
ve loc i ty  reduction, and hence payload increase ,  w i l l  
not be proportional f o r  t h e  two modes. 
Capture o r b i t  eccen t r i c i ty  i s  a l s o  being 
Employing the  t r a j ec to ry  da ta  and system char- 
a c t e r i s t i c s ,  t he  spacecraf t  weight requirements 
immediately a f t e r  Earth departure ( i . e . ,  Centaur 
payload) were determined f o r  severa l  p lane t  o r b i t  
eccen t r i c i t i e s  and mission durations.  Curves such 
as those i l l u s t r a t e d  i n  Fig. 3 were generated t o  
summarize t h i s  da ta .  This f igu re  shows t h e  space- 
c r a f t  weight a f t e r  Earth departure as a function of  
capture o r b i t  eccen t r i c i ty  f o r  severa l  mission 
durations.  












0 5 10 15 20 25 3OxlO3 
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Fig. 3 .  Spacecraft  Weight v s ,  Capture Orbi t  Eccen- 
t r i c i t y ;  J u p i t e r  Direct,  Space S torable  
Propellant - Payload 500 lb 
To determine t h e  minimum a t t a i n a b l e  o r b i t  
eccen t r i c i ty  f o r  a given t r i p  time, it i s  necessary 
t o  compare Figs.  2 and 3 .  Since each t r i p  time is  
assoc ia ted  with a unique minimum c h a r a c t e r i s t i c  
ve loc i ty  a t  Earth departure,  t he  Centaur payload 
capab i l i t y  can be determined from Fig. 2. Then, 
by equating t h e  spacecraf t  weight requirement from 
Fig. 3 with t h e  Centaur payload capab i l i t y  from 
Fig.  2, a minimum a t t a i n a b l e  capture o r b i t  eccen- 
t r i c i t y  i s  obtained f o r  t h e  s p e c i f i c  mission. 
Higher e c c e n t r i c i t i e s  a r e ,  of course, poss ib le ,  
bu t  these  would not  r e s u l t  i n  maximum u t i l i z a t i o n  
of t h e  launch vehic le .  Curves of minimum capture 
o r b i t  eccen t r i c i ty  versus mission duration a r e  
thus developed, The r e s u l t s  are summarized i n  
Figs.  4 t o  7. 
Fig. 4. Capture Orbit  Eccent r ic i ty  vs .  Mission 
Duration; J u p i t e r  Direct 
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Fig. 7 .  Capture Orbit Eccentr ic i ty  vs .  Mission 
Duration; Neptune 
RESULTS -
For unconstrained t r i p  times, t he  r e s u l t s  ind i -  
cate t h a t  t he re  i s  a d e f i n i t e  t rade-off  between the  
J u p i t e r  swingby mode and the  d i r e c t  mode both with 
respect  t o  t o t a l  c h a r a c t e r i s t i c  ve loc i ty  require-  
ments and capture o r b i t  eccen t r i c i ty .  
first t o  the  ve loc i ty  requirements, a t r i p  time usu- 
a l l y  e x i s t s  t h a t  separates  t he  region f o r  which the  
d i r e c t  mode has lower ve loc i ty  requirements from 
the  low ve loc i ty  region f o r  t he  J u p i t e r  swingby 
mode. As previously indicated,  the  swingbys are 
more des i rab le  f o r  longer missions. If a flyby 
maneuver i s  employed a t  planet  encounter r a the r  than 
a capture maneuver, t h i s  separat ion of regions does 
not occur; t h e  swingby mode is  always more favorable 
f o r  a f lyby.  This cont ras t  i s  reasonable, however, 
s ince  flybys include only the  Earth departure char- 
a c t e r i s t i c  ve loc i ty  requirements which a re  consis- 
t e n t l y  lower f o r  t he  J u p i t e r  swingby mode. 
o r b i t e r s ,  however, a l s o  include p lane t  capture 
requirements which are lower f o r  the swingby missions 
only a t  the  longer t r i p  times. Hence, f o r  an 
o r b i t e r ,  t he re  w i l l  be some t r i p  time t h a t  separates  
t he  optimum regions f o r  the  d i r e c t  and swingby mode. 
Referring 
The 
Considering the  e f f ec t  of capture o r b i t  eccen- 
t r i c i t y  on the  mode comparison, it can general ly  be 
asser ted  t h a t  t he  swingby mode permits lower o r b i t  
e c c e n t r i c i t i e s  f o r  t he  heavier  payload while the 
d i r e c t  mode i s  somewhat b e t t e r  f o r  the l i g h t e r  
500-lb payload. 
apparent from a consideration of the  ve loc i ty  
requirements. For the  heavy payload, the propulsion 
systems considered here  a re  not capable of perform- 
ing the  sho r t  missions (due t o  the  high ve loc i ty  
requirements of both the  d i r e c t  and swingby m i s -  
s i ons ) .  
performance capabi l i ty  i s  not exceeded, the swing- 
bys, as previously indicated,  have lower ve loc i ty  
requirements than the  d i r e c t .  Therefore, the 
swingby mode i s  general ly  optimum f o r  the  5500-lb 
payload. For the  l i g h t  payload, however, the 
region of system capabi l i ty  occurs a t  the sho r t e r  
missions where the  d i r e c t  mode has s l i g h t l y  lower 
ve loc i ty  requirements, Hence, t he  d i r e c t  mode i s  
usual ly  optimum f o r  t he  l i g h t  payload. I t  should 
thus be noted t h a t  t he  pa r t i cu la r  payload weight 
f o r  which the  swingbys become optimum w i l l  vary with 
the  system capabi l i ty .  
The analysis  a l s o  ind ica tes  t h a t  eccent r ic  
The reason f o r  t h i s  t rade-off  i s  
A t  t he  longer t r i p  times, where the system 
capture o r b i t s  can s ign i f i can t ly  increase the appl i -  
cabi l i t y  of s p e c i f i c  launch vehicle  and propulsion 
systems t o  the  outer  planet  missions. For example, 
as shown i n  Fig. 4, it i s  not possible  t o  achieve a 
c i r c u l a r  capture o r b i t  a t  J u p i t e r  with the Earth 
s to rab le  propulsion system. 
s l i g h t l y  eccen t r i c  o r b i t  (e = 0.15), it i s  possible  
t o  achieve an 800-day t r ans fe r  with a 500-lb 
payload. 
But by employing a 
The differences between the  two o r b i t  i n se r t ion  
propulsion systems considered a re  s ign i f i can t .  
main bene f i t  of t he  higher  s p e c i f i c  impulse is 
e i t h e r  t o  reduce the  t r i p  time o r  decrease the mini- 
mum a t t a inab le  o r b i t  eccen t r i c i ty .  
propulsion system can a f f ec t  the  mode comparison 
f o r  s p e c i f i c  t r i p  times o r  o r b i t  e c c e n t r i c i t i e s ,  
but  it does not appear t o  s ign i f i can t ly  a f f ec t  the 
general conclusions. 
The 
The choice of 
* 6 "  
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In  view of the  above discussion,  t he  conclu- 
s ions can be summarized as follows: 
(1) A mission durat ion usual ly  exists t h a t  
separates  the  region f o r  which the  d i r e c t  mode has 
lowest ve loc i ty  requirements from t h e  region f o r  
which the  J u p i t e r  swingby mode has the  lowest 
requirements. 
(2) The swingby mode is  general ly  optimum f o r  
heavier  payloads, while the  d i r e c t  mode is  usua l ly  
optimum f o r  l i g h t e r  payloads. 
(3) Eccentric capture  o r b i t s  can s ign i f i can t ly  
increase the app l i cab i l i t y  of s p e c i f i c  boosters  and 
propulsion systems t o  outer  p lane t  missions. 
(4) Any increase i n  the  capabi l i ty  of t he  
o r b i t  i n se r t ion  propulsion system can be used t o  
reduce t h e  mission durat ion o r  decrease the  capture 
o r b i t  eccen t r i c i ty .  
TABLE 1 VELOCITY REQUIREMENTS 
Direct J u p i t e r  Swingby 
Total Earth Destination Trip Total (a) Earth (b) Trip 
year Escape AV Time, AV Escape AV AV 
Time, 
year  
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asurn of the  c i r c u l a r  Earth o r b i t  ve loc i ty  and the  incremental ve loc i ty  
requirements a t  Earth o r b i t  departure and c i r cu la r  p lane t  o r b i t  
i n se r t ion  
bSum of the  c i r cu la r  Earth o r b i t  ve loc i ty  and the Earth o r b i t  departure 
incremental ve loc i ty  requirements 
